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ELErIENTAL COMPOSITION, ISOTOP'cS, tLECTRONS AND 
POSITRONS IF4 COSFIIC RAYS I 
V ,  K. Balasubrahmanyan 
Laboratory f a r  High Energy Astrophysics 
I NASA/Goddard Space F l  i g h t  Center 1 
Greenbel t, Mary1 and 20;71 US4 
This review discusses the papers presented a t  t he  16 th I n t e r n a t i o n a l  Cosmic 
1 
Ray Conference, Kyoto, Japan, dea l i ng  w i t h  the  composit ion o f  cosmic rays 
(elements, isotopes, e lec t rons  and pos i t r ons )  . This paper should be considered 
complementary t o  Dr. G. Raisbeck's review where papers w i t h  rnajor emphasis 
I 
on nuclear f ragmentat ion phenomena, the  propagat ion and 1 i fe t ime o f  cosmic 
1 
i 
rays , i ~  the in t e r s t e l l  a r  m d i  um and source composi ti on, w i  11 be discussed. J 
Tht? f o l l o w i n g  t a b l e  c l a s s i f i e s  the papers discussed i n  t h i s  review i n  
terms o f  categor ies o f  experimental measurements. 
Table 1 




Elemental Composi- <:50 MeV/nuc Anomalous component OG 6-1, 5, 6 I 
t i o n  and t ime Low energy g a l a c t i c  CR OG 6-4 I 
v a r i a t i o n  e tc .  phencmena 
Fe and near Fe 9 0  MeV/nuc Poss ib le  anomalies i n  OG 6-11, 12 
nuc le i  t o  10 GeV/nuc t h i s  reg ion  
Fe/Ni r a t i o  and i t s  OG 6-18 
v a r i a t i o n  w i  t h  energy 
Trans I R O N  >320 MeV/nuc Ul t r a  heavy nuc lear  OG 6-10, 30, 
composi t i o n  28, 29 
lk 
8 High energy spectra > i O  GeV/nuc Energy d i s t r i b u t i o n  and OG 6-25, 26 
spec t ra l  d i  f ferences 
between d i f f e r e n t  nuc le i  
A n t i  protons 5.6-12.5 GeVJc Ant imat te r  de tec t i on  OG 6-34 
Isotopes 30 MeV/nuc - Comparison o f  C.R. source OG 7-2, 6, 13, 
1 GeVJnuc i sotop i  c conlposi ti on 9, 10, 15, 18 
t w i t h  o the r  astrophys- 
i c a l  s i t e s  
6. 
;* 5 Electrons, pos i -  5 MeV - 1 TeV Remova; o f  e x i s t i v g  OG 8-1, 2, 3, t rons and re -  experimental d i  screp- 4, 6, 8, 11, 
J 1  ated papers ancies, l i f e t i m e  o f  13. e l ec t rons  i n  ga l  axy , 
I pass i  b i  1 i t y  o f  detec- 
t 
t i o n  o f  i n d i v i d u a l  
sources, pos i t rons  as 
pr imar ies,  e l e c t r o n  
i n t e n s i t y  inhomo- 
i genei t i e s  i n  t he  gal axy 
I 
*: 
* - ,  - - - -  r Tn-._-- " ". 
i 
,-\ 1 
In t h i s  rev iew whelxver poss lb le  t he  bear ing of t h e  data on nucleosynthesis 
s i t e s  , supernovac, y-process , comparison w i t h  s o l a r  sys tern corn o s i  t i o n ,  mu1 ti - 
p l i c i t y  o f  sources and the sncrey dependence of  co~npos i t i on  wj 1 be commented 
upon, 
!
Low c n e ~ ~ k t k @ 4 C O ~  le,V[,r!,ud 
---- 
I n  OG 6-4 Ftcilonald c t  a1 . f i n d  t h a t  t he  Fe/C r a t i o  nleasured a t  , 2 A.U. 
decreases f rom ,d a t  150 MeV/nuc t o  4 a t  40 MeV/nuc (:s shown i n  f i g u r e  1. 
Fig. 1 E N E R G Y  ( M ~ v /  NUC) ---Garcia Munoz and Simpson OG 6-3 
-+ - - -Lund  e t  a1 [From OG 6 3  AFisher e t  a1 
I f  one accepts the v iew proposea by t h e  authors t h a t  s o l a r  modulat ion produces 
o n l y  a n e g l i g i b l e  dece le ra t ion  paranleter f o r  the p e r i o d  o f  t h i s  measurement, I we ave, prpbably evidence f o r  the  i o n i z a t i o n  errerg loss  i n  the  i n t e r -  I' s t e  l a r  mediuni. h e n  estab l ished,  t h i s  r e s u l t  w i l l  g ave g rea t  bear ing  on t h e  path length d i s t r i b u t i o n  i n  t h ?  i n t e r s t e l l a r  medium and i t s  shape a t  low pa th  1 engths. 
P I n  OG 6-5 Biswas e t  a1 i d e n t i f y  t he  anomalous coapopent detected i n  t h e i r  Skylab experiment w i t h  the anotnalous coniponent detected i n  the  ~ n t e r p l a n e t a r y  space. F igure  2 conipares t h e i r  r e s u l t s  w i  tli t he  I M P  and Pioneer s a t e l l i t e s  o f  K lecker  
b e t  a1 1977 and Webber e t  81, 1975. 
I 
I I n  view o f  the  s i m i l  a r i  ty between t h e  Sky1 ab p a r t i c l e s  and thc  anomalous 
'L 
, *a*  
component they  exp la i n  the en t r y  o f  these p a r t i c l e s  i n t o  the magnetosphere and 
*a 
be ing  detected where t h e  geolllagnetic c t o f f  would f o r b i d  t h e i r  presence by t he  
! f o l l o w i n g  model. i h e  p a r t i c l e s  say (ItY ions (produced from neutraloxygen by 
t h e  ac t i on  o f  s o l a r  U.V. accord ing t o  t h e  nlodel o f  F i sk  e t  a1 (1974) o r  o r i g i -  
n a t i n g  as 0'1 frool nearby s t a r s  !Durgaprasad, 1977) are acce lerated t o  energies 
E -10 !leV/amu by t u r b u l e n t  magnetic f i e l d s ,  They e n t e r  the h igh  l a  i t udes  of 
&" t h e  magnetosphere and on reacr.!i~g the  n ~ i r r o r  po in ts ,  s me of the Of? ions a re  s t )  ipped o f  mare of t h i e r  orbqi t a l  e lec t rons  t o  form Off ions.  As t he  s t r i p p e d  
i ons  have lower  r i g i d i t i e s ,  these ions reinasin t rapped i n  the e a r t h ' s  magnetic 





F igure 3 gives a sketch o f  the proposed pro- 
[) riLCxCI ET AL 19n 
I I I  2. uewr.1) I n  OG-6 Biswas e t  a l .  propose an obser- A wEmLu CT AL 1973 
l~o.~u,vlomul va t i ona l  t e s t  f o r  the c u r r e n t  ideas o f  the 
o r i g i n  o f  the anomalous component based on the 
d e t e c t i o r ~  o f  an isot ropy o f  3-30 MeV/nuc p a r t i -  
c l es  i n  the he1 iosphere, The t e s t  would be 
impossible t o  c a r r y  o u t  as t h e  low enej3gy 
p a r t i c l e s  would Decome i s o t r o p i s e d  i n  t he  
chao t i c  he1 iosphere. I f  one r e c o l l e c t s  the 
d i  f f i  cu l  t i e s  o f  de tec t i ng  the an isot ropy o f  
muons o f  energy , 500 GeV, the problems w i t h  
t h i s  approach cou ld  be appreciated, 
C H A R G E  2 
Fe and Near Fe nuc le i :  
PROPAGATION OF COSMIC RAY d'  IONS 
(N THE MAGNZTOSPHERE 
the  o r i g i n  of t h i s  energy dependence i s  n o t  
c l ea r .  Here i s  a case where the experimental 
s i t u a t i o n  has t o  be made very c e r t a i n  before 
i t s  s i gn i f i cance  can be comprehended. 
5 . OTHER WWIM 
-2'0 
' ' " " " '  
100 zoo 
MINETIC ENERGY E, MeV/AMU 
I 
d i f f e r e n t  de tec t i on  techniques, i n  p a r t i  cul  a r  between Lexan and t he  e l e c t r o n i c  
detectors.  
Pe te r  Meyer and Minagawa (OG 6-18) r e p o r t  h i gh  r e s o l u t i o n  mc,asurement o f  
the energy spectra f roc l  Fe and Ni ir, the energy range 1 t o  7 GeV/nuc. Th is  
i s  t h e  f i r s t  r e p o r t  o f  t h e  n~easurernent o f  the d i f f e r e n t i a l  spec t ra  o f  Ni  which 
i s  o n l y  4% o f  Fs i n  abundance, The spectra repor ted  are dJ dE 1.39 + , lo )  d = I  W(2.41 2. 5)1;12 s r  GeV/auc fo r  Fe and dJ/dt  (1.06 + O . i l l ) ~ ( '  ~3 $ 8  ) f o r  mi. 
The Ni/Fe r a t i o  i s  cor istant over t h i s  energy range Fon t ra ry  t o  the e a r l i e r  
r e s u l t s  repor ted  by Lund o t  a1 (1975) and t h e i r  Ni  spectrum i s  shown i n  F igure 5. 
Trans I r o n  Re~i-o_n2 
-A I-- - -- 
I s r a e l  e t  a1 (OG 6-28) r e p o r t  t h e i r  abundance 
n~asurements i n  t h e  charge range 26~Zs40 w i t h  t h g i r  
ba l loon  de tec to r  o f  l a r g e  georrxltric f a c t o r  ( 6 . 6 ~ 1  s r ) .  - 
They f i n d  t h a t  t h e  cosetic rw  source cornposition i n  '3 
the charge range 26 t o  40 i s  s i t i ~ i l a r  t o  t h a t  o f  the g s o l a r  systen~, except  f o r  Zn which i s  mderabundant. 
I f  one assumes the  s o l a r  system abundance i s  repre-  
sented C2 rileteori tes  and one considers the h i ghe r  
i o n i z a t i o n  p o t e n t i a l  o f  Zn then cosmic ray source 
abundance o f  Zn ~ iwy  be cons is ten t  w i t h  t h a t  o f  t h e  
so la r  system, For su lphur  a lso  a s i n l i l a r  e f f e c t  has 
been noted. With the 1 i m i  t e d  s t a t i s t i c s  avai 1 ab le  
i n  t h i s  experi l l lent they conclude t h a t  t h e  abundances 
obta ined by them a re  i n  b e t t e r  agreement w i t h  a s o l a r  
system than e i t h e r  w i t h  Y -process abundance I 
o r  w i t h  the tfe burn ing  S process. They a lso reniark TO~OI Energy (G~v/~ ,NI  
t h a t  t h i s  conclusion does n o t  necessar i l y  c o n t r a d i c t  
the o b s e ~ v a t i o n s  t t i a t  t h e  abundances f o r  Z>60 Fig. 5 
(Sh i rk  and Pr ice, 1978) agree Inore w i t h  an Y process than a s o l a r  system mix. 
These Z>60 nuc le i  a re  produced by r-processes i n  supernovae. The s o l a r  systern 
niix of r and s processes below Z = 40 can be synthesized i n  supernovae and 
presupernovae stages o f  inassive s ta rs .  Thus the  r e s u l t s  of  u l t r a  heavies 
may be co~\;; jstent w i t h  acce le ra t io t i  o f  inater ia l  synthesized i n  massive s tars ,  
e i t h e r  before o r  du r i ng  the  supernova explosions. 
Doke e t  a1 i n  ( C r ;  6-29) r e p o r t  t he  resu l t s  o f  t h e i r  ba l l oon  exposures of 
p l a s t i c s  x ray f i l t r ~ s  and nuc lear  emulsions. They observe 7 t racks  o f  nuc le i  
Z>40 f o r  E23.5 GeV/nuc, Conibining t h e i r  r e s u l t s  w i t h  t h a t  o f  B lanford le t  a l .  
(1973) they f i n d  t h a t  the  energy spectrutn o f  n u c l e i  k40 i s  n o t  i ncons i s ten t  
w i t h  t h a t  of Fe group and t h a t  o f  Sh i r k  and P r i ce  (1978) f o r  n u c l e i  2265 us ing  
the Sky1 ab exposure. 
I n  OG 6-30 and 10, Fowler e t  a1. and Walker e t  a l .  present  the  r e s u l t s  o f  
t h e i  r t r a n s a t l a n t i c  ba l l oon  f l  i ghts and p re l im ina ry  resu l  t s  f rom t h e i r  H r i  e l  
V I  experiments. A r i e l  V I  has been launched on ly  on 2 June 1979 and the r e s u l t s  
f o r  Z>65 i s  sho\?rn a long w i t h  the  t o t a l  sample f rom B r i s t o l - D u b l i n  ba l l oon  
f l i g h t s .  As olte can see f rom Figure 6 w i t h  the s t a t i s t i c s  of the  nleasurements 
the p r e l i ~ ~ l i n a r y  r e s u l t s  f rom N r i e l  VI are q u i t e  cons i s ten t  w i t h  the  h igher  data 
saniple from the ba l l oon  f l i g h t s .  So f a r  the h ighes t  charge detected i s  , 98 
and no evidence y e t  f o r  any super-heavies. The r e s u l t s  suggest an a c t i n i d e  
abundance > s o l a r  system value along w i t h  a p o s s ~ b l e  peak i n  the  P t  reg ion  
and y -process s i  gnature. 
Overal l  Za88/fkZs87 = ,171 
t.005 wh i l e  fo r  A r i e l  VI nlone the 
- 
value of the aboye r a t i o  = 2/16 
0.13 +O.lO. 15 
- 
Figure 7 shows the u l  t r a  heavy 
spectrum as obtained by A r i e l  V I  i n  E 
approximately one month' s operat ion, 5 
I& 10 I n  Table 1 a sumnary o f  the o 
s i t u a t i o n  w i t h  respect t o  ac t i n ide  a 
and super heavy abundances are shown 
and compared t o  several processes. 5 More data w i  11 he lp  i n  c l e a r l y  iden- z 
ti f y i  ng su i  tab1 e nucl eosynthet i  c 5 
processes acceptable to  cosmic rays 
as can be seen i n  the table. A r i e l  
V I  i s  working v*.i8y we l l  and so we 
can hope t o  ge t  s i g n i f i c a n t  informa- 
t i o n  i n  t h i s  area soon. The HEAO-C 
u l t r a  heavy expe~iment  o f  I s rae l ,  0 7 0 8 0 90 100 Stone and Waddington i s  expected t o  
be launched dur ing  the middle o f  C H A R G E  (Z) 
September and so the combined 
resu l ts  o f  A r i e l  V I  and HEAO-C can Fig, 6 be expected t o  provide d e f i n i t i v e  
resu l ts  i n  t h i s  c r u c i a l  area of cosmic ray  composition. 
High Energy Colnpos i ti on 
I n  OG 6-25 and 26 Simon e t  a l .  r epo r t  the  resu l t s  o f  t he  j o i n t  Max-Planck 
Goddard calor imeter  bal loon resul ts .  Thei r  resu l t s  on the more abundant nucle i  
such as oxygen extend up t o  1 TeV/nuc whereas for  Fe t h e i r  r e s u l t s  extend 
,250 GeV/nuc. On a k i n e t i c  energy/nucleon representat ion the  spectra o f  the 
elements show steepening w i t h  energy consis tent  w i t h  the propagation e f f e c t s  
i n  a leaky box model (Omes and Fre ier ,  1978.) 
Thei r  r e s u l t s  f o r  Fe i s  shown i n  Figure 8. The s t a t i s t i c s  beyond 100 GeV/nuc 
i s  too l im i ted ,  however, t o  r u l e  out  Goodman e t  a1 . 1979 who requi re the Fe 
spectrum t o  be a f l a t  as -2.36 t .06. The r e s u l t s  a t  lower energies are i n  agree- 
ment w i t h  the Fe spectrum reported by Meyer and Minnaga (OG 6-18, t h i s  conference. ) 
Ant i  protons 
Golden e t  a l .  (OG 6-34) have reported the r e s u l t s  on t h e i r  carefu l  measure- 
ment w i t h  a superconducting magnet of the abundance o f  ant iprotons i n  cosmic rays. 
This i s  a measurement where one has t o  understand one's instrument completely 
and pick up the small res idual  signal from the l a rge  amount o f  d i s tu rb ing  events. 
Having done t h i s ,  they r e p o r t  a pos i t i ve  r e s u l t  f o r  ant i-protons. On the basis 
o f  28 events they repo r t  t h a t  ~ / p  = (5.2 5 . 5 )  x10-4 i n  the range 5.6 t o  12.5 GeV/c. 
They conclude t h a t  a l l  these ar~ t ip ro tons  detected are consisten$ w i th  being 
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Their residual antiprotons and 
the discrimination they have attained 
i s  shown in Figure 9 
Isotopes 
- 
Sonie of the laost exciting 
I - measurements reported in thi s con - 10 I /  (2 IS 14 
ference were in the area of isotopic 
composition. Compared to the l a s t  
conference, the picture has beconte 3 .  s 
V .  
more detailed and definite in some 
A. 6 
areas and this f ie ld promises 
significant answers in the area of 
cosinic ray source phenomena, 
$NO Region 
r 
Wicdenbeck e t  al. (OG 7-9) OXYGEN 7 
using their ISEE-3 instrument have 
concl uded that cosmic ray source 
abundances in this  element range are 
consistent w i t h  solar system 
abundance. For the ] ~ N / N  their 
results are not inconsistent with the 
solar syste1:1 value, However, a 
subs talitial ly 1 arger val ue ]nay a1 so 
be perlni tted. Figure 10 gi yes an 
idea of the resolution obtained with 
, their  ISEE-3 serni conductor telescope 16 17 11 
i n  the CNO region wi tl~ a d r i f t  chaniber V A S S  fornu) XBL 795-9862 
Fig. 'lo 
f o r  'track d e f i n i t i m ,  
Guzlk e t  a l .  
(U. o f  Chicago) 
06 7-6) us ing t h e i r  
IMP-8 r e s u l t s  snd 
Mewaldt e t  a l .  
(Cal tech - OG 7-2) 
come t o  s i m i l a r  
conclusions t h a t  the 
cosmic ray source 
i n  t h i s  area i s  
so la system l i k e ,  F For 4N/N Guzik e t  
a1 , deduce a value 
0,03, considerably 
lower than the 
sol  av system value, 
I8 
Some o f  the 10 19 20 21 22 23 24 
most e x c i t i n g  NEON MASS # I  (AMUI 
resu l  t s  i n  t h i  s 
conference have come Fig. 11 
from the Ne i s o t  e studies. The e a r l y  bal loon resuf t s  o f  Fisher e t  a l ,  i n d i -  
cate tha t  the  Ne@ i s  overabundant i n  cosmic rays. The h igh reso lu t ion  s a t e l i i t e  
measurenients i n  ISEE-3, and IMP-8 have accumulated evidence t o  produce d e f i n i -  
t i v e  evidence f o r  the overabundance ~ e 2 2  compared t o  the  so la r  system. An 
exatliple o f  the  excel l e n t  reso lu t ion  obtained f o r  Ne isotope i n d e n t i f i c a t i o n  
i s  shown i n  Figure 11. which represents the r e s u l t s  o f  the  Caltech group 
(OG 6-2). I n  t h i s  f i g u r e  the two sepa,*ate mass determinations f o r  the 
accepted events are p l o t t e d  against each other.  The fo l l ow ing  tab le  summarizes 
the r e s u l t s  i n  the Ne region. 






0*49 -0.10 OG 7-2 
0.64 t0.07 OG 7-9, 10 
0.54 T0.07 OG 7-13 
0.4 T.02 - OG 7-11 
The average value compiled by Dr. Stone from a l l  experiments (except mean ass +. 0'6 measurements) = 0.49f-88 whi ck trans1 ates t o  a source abundance o f  0.37-• 05. 
Solar abundance for  " t h i s  r a t i o  i s  0.12. So the evidence f o r  t h i s  
r a t i o  being non so la r  i s  becoming q u i t e  v iab le .  Le t  us see what t h i s  t e l l s  us 
about the cotnsi c ray source. 
As pointed out  i n  OG 7-2 and 0G 7-13 i n i t i a l  CNO elements are converted 
2 2 ~ e  dur ing hydros ta t ic  helium bl l rniag and l a t e r  react ions do n o t  destroy them 
(Couch e t  a l .  1973, i mb e t  a1 1977), For heavier ssars the react ions proceed 
as f o l l  ows 22Ne(d ,r1)+85~lg(n ,Y )26Mg and so reduces fle22 and increases lilg isotopes 
i n  the he1 ium burned she1 1, The Mg isotopes and 2 0 ~ e  are produced i n  approxi - 
mately so lar  system abundances dur ing  carbon burning react ions. So the mixing 
proport ions of He burning and carbon burning regions and the i n t e r s t e l l a r  matter 
p r i o r  t o  cosmic ray accelerat ion determines the Ne & Mg i s o t o p i c  r a t i o .  I f  la rge  
amounts o f  2 2 ~ e  have been used up, the corresponding 2 5 9 2 6 ~ ~  would be increased. 
So by cons ider ing the Ne and Mg abundances together one may have an idea  o f  
the evo lu t i on  o f  s t a r s  t h a t  con t r i bu te  t o  cosmic rays. 
L e t  us review the  i s o t o p i c  evidence i n  t h e  Mg reg ion.  
The r e s u l t s  compiled i n  OG 7-13 by Garcia-Munoz e t  a l .  p o i n t  t o  26!4g/24~~ = 
$14 t .05  a t  the cosmic ray source, e s s e n t i a l l y  cons i s ten t  w i t h  t h e  s o l a r  
systEm value of ,14. 
Table 
2 6 ~ g / 2 4 ~ g  
0.15 (t0.03) Webber e t  a1 . 067-11 
0.22 k8. 07 Garci a-Munoz e t  a1 . 067-1 3 
to .  20 
0'36 -0.07 Mewaldt e t  a!. 067-2 
0.18 20.04 Dwyer and Meyer 067-1 8 
I 
Except f o r  the ,lu deviat ion of Mcwnldt ee n l .  f o r  both 2 G ~ R  and 2 5 ~ R ,  
tba o thar vaZura irsgc rons is  t s n t  w i t h  diolns HyatcF value,  Xn view of the impar- 
tnnt  conat rn in t  t l r ~ a t  value can put on C e R r  ei~urce8,  "t w i l l  be, sf I n t e r e s t  t a  I 
have more high r a ~ o l u t i o n  dntn to  cont r ibu te  t o  t h l s  question. i 
Dwyer and M@ycnr (OG 7-58) present  rcftultft of the ntean mnm plensurement 
aP Ne, Mg and S i  at: 1 GeV/nmuY For P f g  and S i  t h e i r  r e s u l t s  arc; cons is ten t  wi th  
soanr syctem abundance, For Nr they look for energy dependence c f f cc t a  
i n  the i s o t o p l c  sonlposf t i on  of Ne combining t h e i r  r e s u l t s  wit11 o ther  reported exparim . 
! 
mcsnta, The P P R U ~ ~ R  are not prec ise  cnouglt to i n d i c a t e  any energy dependence. 
?a Isotopzs, 
During the  PXovdiv conf drence there  were indf ca t ions  thzl t neutron r i c h  
i so topes  (Simpson e t  a l . ,  1977) were more abundnnc and t h i s  was i n  sharp 
contradict ion t a  o ther  r e s u l t s  Ear, e ,  R., Tar ld  c t  i t l ,  By t h i s  conference a 
genoral consensus appears t o  have emerged and the Fc i so topes  have abundance6 
qu i t e  sindlar t o  the  s o l a r  system, a s  seen i n  Table 2, 
Thus, to  summarize the  isotope Eindings except For the Ns isobopcs, t he re  
is  oo c l e a r  expcrimcntal evidence ao f a r  f o r  C.R. sourqq composition d i f f e r i n g  
r a d i c a l l y  Erom thc  so l a r  system abundances, and tho Ne oversbundance suggests 
SON.  as an  a t t r a c t i v e  p o s s i b i l i t y  f o r  C . R .  o r Q i n .  
Electrons and Positronsd 
In OG 8-1, Eveneon e t  a l , ,  using t h e  fSEE-3 spacecraf t ,  study the  e lec t ron  
spectrum between 3 and 200 MeV. They d e t e c t  a number of short-term q u i e t  time 
increases  I n  the f l u x  ascr ibed t o  Yovian or ig ln ,  and thc  energy spectrum observed 
i n  1978 Is nearly identical.  t o  spec t ra  observed by the OGO-V spacecraf t  i n  1965. 
Bland (OG 8-2) repor t s  the r e s u l t s  of ba:lloon f l i g h t  (200 hlcV-L GeV) during 
minimun~ s o l a r  ac t&&y i n  Ju ly  1977 and f i t  the  e l ec t ron  date  t o  n spectrum 
the form \3,5k,03* Their r e s u l t s  agree with the  metlsuremcnts of the 
University of New Hampshire group during the Last s o l a r  minimum (1965). 
High Energy Electrons, 
Tn OG 8-3 Badhwnr e t  a l .  present: r e s u l t s  on e lec t rons  aqd ppsi t rons Erom 
t h e i r  balloon superconducting magnet s tud ie s .  Yhc rad io  of c / (c 3.e-) i n  the  
energy range (6-29 GeV) observed i n  0 .09~0.01  cons is ten t  wi th  t h e  e a r l i e r  
measurements of Berkeley wi th  more l imi ted  s t a t i s t i c s  up t o  &2wer ener- 
g ies ,  Tt~e pos i t ron  spectrum could be  represented a s  (1Gf;l)E /m -sr sec.  Par 
electrons-fhe appsopriate  energy range i s  6.05-57.8 GeV and the  spectrum i s  
(18327) E LO. 11111 fir sec W, The authors  remark t h a t  t11e r e s u l t s  a r e  s l i g h t l y  
preliminary and t h a t  e lec t ron  f lux  a s  (i r e s u l t  of some eFEiciency evaluat ions 
may go up by approximately 25%, but i s  very  unl lke ly  t o  decrease from the  
s t a  ted valtie , 
I n  OG 8-4 l l a l l e r  and Prince make a ca re fu l  reevaluat ion of t he  e f f i c i e n c i e s  
involved i n  deducing the r e s u l t s  from t h e l r  Trans i t ion  r ad ia t ion  baaloan in s t ru -  
ment. They conclude t h a t  the f a c t o r s  s tudied by them would not decrease the 
e lec t ron  f l u x  by s i zab le  amounts and cont r ibu te  to  systematic  uncer ta in t ies  
reported i n  t h i s  f Seld between d i f f e r e n t  observers.  
Ki T i n r n  aC a l e  (OG 8-8) pre- 8 I q sen ted  r e s u l t s  From ba l loon  amul- 
a g 
o o o o o  s i o n  chamber r e s u l t s  (U. S .-Japan m u  c o l l a b o r a t i o n )  . Combining tho 
 result^ a t  a a v c r a l  f l i g h l s 2 t L a y  
11ave nn exposure o f  4x10 m sr 
846 and t h e i r  s t u d y  covers  un 
ens ray  r e g i o n  30-1000 GeV, The 
t a r n a h r n  I d i f f e r e n t i a l  spectrum Is 
N c l Y  
$2 = 1 . 7 ~ 1 0 - ~  (100 G ~ V / E )  3,3_$0. 
V m 
2 
tn - (m sr s a c  G ~ v ) ,  
I n  Fifiure 13 t h e  r e s u l t s  f r o n  papers  
n 
rl r e p o r t e d  a t  t h i e  conference  a r e  
a/, shown, and probably f o r  the f i r s t  
U r l  a 
ulL r fi t i m ~  n r ensonab le  convergence 3 *C, I ? I " ? ,  pl oJ 0 amongst t h e  r e s u l t s  appcer  t o  be 
k 8 m  cO c( crnerising. g 2 Theore t i c a l  Papers  Rela ted  t o  
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C 2 , 4 4 2  
"I* t I n  OG 8-8 N i s l ~ i m ~ . ~ . a  ot  a:. , U d Z  0 fo i iowing t h e  g e n e r a l  argument 
"IL a I p l I O l N  '5 7 of Shen (1970) and Rematy e t  a l .  
r i  og 
v l (1970), d i s c u s s  t h e  p o s s i b i l i t y  ?88 
0 o f  obse rv ing  s t r u c t u r e s s u c h  BB pt: 0 
m bumps; o r  s h a r p  c u t o f f s  i n  t h e  
w 9 l e c t r o n  spectrum i n  t h e  TeV 
r e g i o n  due t o  t h e  small number of 
d i s c r e t e  s o u r c e s  c o n t r i b u d n g  t h e  
41 2 aJ w g e n e r a l  f l u x .  Taking a l i s t  o f  
u N >  ? rl 'PI A nearby SNRs, t h e i r  Monte Car lo  W l r c  0) 
I N I + I  I f i  I  + I  c a l c u l a t i o n s  i n d i c a t e  t h a t  Loop 1 kY0 0 and Lupus loop a r e  t h e  most: P a =  ? 
45 
'?' . G O %  N t'l prominent s o u r c e s  of TeV e l e c t r o n s .  
B m I n  a d d i t i o n  t o  t h e  bumps, sha rp  drops  i n  i n t e n s i t y  a r e  p red ic ted  
i n  t h e i r  c n l c u l a t i o n  i rh ic l~  might 
rn enab le  d e t e c t i o n  of t h e s e  e f f e c t s  
a m  o wlt* :~~~!easurements  extend t o  sev- 
? ?  
b c r  o rf a era]. TeV e l e c t r o n s .  ? 7 u  3 
0, t. 4 rn w '!I3 
0 0 a 0 0 0  
. . .  
I n  OG 8-10 Webber e t  a l .  
QI 0 
m o o  








a 8 e l e c t r o n  energy spectrum. 
 en 5 d t h i s  e s t i m a t e  i s  compared wi th  
o  u measurements n e a r  e a r t h ,  they f i n d  
rn ' t h a t  cons ide r ing  t h e  o v e r a l l  p i c t u r e  
J( iq tGe cosmic r a y  f i e l d  such a s  & P " d & P " g , *  e /e r a t i o  and s o l a r  modulation. 
t h e  higlier  e l e c t r o n  i n t e n s i t y  
meil,strrt?mc?nt-s a r e  morc c o n s i s  t a n t  
5x1 rlteir CS t i l~lr?Ce~, Ilow~ver,  
when a s p c c i f l r  prnlmfiation modcl 
Ss considered,  t h e  l i m i t 6  on t he  
prc~pagnt ion paranlctors arc found 
t o  be independent o f  ~ J i i c h  s e t  
o f  e l e c t r a n  i t l t e n s i t y  n m s u r r -  
.,- m c ~ t s  o r e  used. For the  l eaky  box model t h r  p r r f ~ a r r c d  pnrnmeterfi 
id a r c  s p c c t r a l  i n d r x  at i n j e c t i o n  = 
- 
8AOHWlR e l  al  
n 
W ;;AGO , , , 1 -2.24 cncrgy I o n s  parameter b 
J A P ~ N  - U S  (1.54-0. em ~ ) x ~ o - ~ ~ ( B ~ v ) - ~  , die path- 
10' 
10' 10% lo3 length cancrgy dipeilcl~~tlce 9 
ENERGY IGQV) 2 7.5(~./d~'~~*~*~ a/rm and 
C) - 7  
Fig. 73 i n t e r s  t e l l a r  hydrogen d e n s i t y  
0.22_SO.OR ntoms/cc corresponding 
t o  a cosmic. r ay  age  -25 Fly. I f  the  p a t h l c n g t l ~  d i s t r i b u t i o n  is t r u n ~ a t c d  a t  
short: p a t t ~ l e n g t h s ,  there. w i l l  be a pronounced d o s r c r ~ s c  of tllc i n t e n s i t y  of 
e l e c t r o n  spectrum a t  high energ ies .  
I n  OG 8-11, L i n g e n f e l t c r  and Ramnty p o i n t  o u t  tho Int'cnsc p o s i t r o n  
a n n i h i l a t i o n  lints r a d i a t i o n  t h a t  has been dcracced from tllc r e g i o n  of the 
c e n t e r  of t h e  galaxy and r a i s e  t h e  p o s s i b i l i t y  of primary p o s i t r o n  c o n t r i b u t i s n  
t o  c o s ~ n i c  r a y s .  
Giler and Wolfendale i n  OG 8-13 disc l iss  t h e  p a t h l e ~ ~ g t h  d i s t r i l > u t i o n  a t  
low pa th leng ths  and i t s  re levance  t o  e l e c t r o n  d a t a .  They conclude t h a t  i f  
t h e  d e f i c i t  of gronnnage below 1 g/cn? a p p l i e s  t o  e l e c t r o n s  a l s o ,  then i t  i s  
p o s s i b l e  t o  account f o r  t h e  e lec t rog .ggergy  spectrum with  n d i f f ~ r c n t i a l  
production spectrem of the  form AE- and mean l i f e t i m e  - 4x10 years  a t  
10 GeV.  
I n  t h e  l a s t  papcr of t h e  s e s s i o n  OG 8-13 Strong and Wolfcndale analyze 
t h e  low frequency r a d i o  d a t a  and nlnlce some c o r r e c t i o n s  f o r  absorp t ion  based 
on t h e  integi-zted d i f f u s e  Ha and t h e  s p e c t r a l  shape of e x t a r n a l  r a d i o  g a l a x i e s .  
A s  a  r e s u l t  they a r r i v e  a t  a n  c l c c t r o n  energy spectrum which r e l a t e s  to d i s -  
tances  of some hundreds of pc .  The l o c a l  i n t e r s t e l l a r  spectrum i s  i n f e r r e d  
us ing t h e  e l e c t r o n  and p o s i t r o n  da ta  a t  t h e  e a r t h ' s  neighborhood. Gamma-ray 
d a t a  i s  used t o  i n f e r  the  e l e c t r o n  spectrum s e v e r a l  kpc away. Comparing 
these  v a r i o u s  e l e c t r o n  s p e c t r a ,  they f i n d  evidence f o r  t h e  i n t e n s i t y  and 
s p e c t r a l  exponent varying from p lace  t o  p l a c e  i n  t h e  galaxy.  
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